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© A method of discriminating nucleic acids by examining the presence or absence of variant genes m a 
nucleic acid, the ratio of normal genes to variant genes, or the identity among specified genes present in various 
samples, which method comprises amplifying a specified region of a target nucleic acid present in a specimen 
by the polymerase chain reaction using a primer bearing a detectable marker and a primer bearing a s.te 
capable of binding to a solid-phase carrier, conducting competitive hybridization by adding the resultant nucleic 
acid as a marker sample DNA in at least an equimolar amount to a non-marker standard DNA of which the 
identity with the sample DNA is to be discriminated, and then measuring the marker intensity of the product of 
hybridization. A testing set for discriminating nucleic acids according to the above methodwmprises a pnmei to 
be used for amplifying a target nucleic acid and comprising a primer bearing a detectable marker and^pTmer . 
bearing a site capable of b-ncling to a solid-phase carrier, and a non-ma- ker standard DNA of which the idcm<iv 
with a gene amplified by tfv amplifying pnmor .$ to be discriminated. 
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Technical Field 



This invention relates to a method for differentiating a nucleic acid and an assay kit for such nucleic 
acid-differentiation. More specifically, this invention relates to a nucleic acid differentiating method that is 

5 capable of directly and quickly evaluating a specimen for the presence/absence of a mutant gene m a 
nucleic acid as well as the ratio of mutant to normal genes and that enables various assays that have been 
difficult to accomplish by conventional methods, for example, detection of a mutation at a non-specific site 
within a gene, detection of a small amount of abnormal cells containing a mutant gene in a mixture with 
normal cells, and determination of sequence matching of a particular gene in a plurality of samples; and an 

to assay kit which may be used for nucleic acid-differentiation by the same method. 



Background Art 

Molecular biology and genetics have experienced a marked progress in recent years, and the findings 

75 accumulated in such fields would contribute not only to chemical/physical clarification of various 
phyenomena involved in life, but also to human lives, in particular, to medicine as a field and a practice. 
DNA medicine starting from DNA is expanding to a clinical field far beyond expectation. It is known today 
that almost all diseases are related to DNA. and a diagnosis on a genetic level has become indispensable. 
It is now recognized that nearly all enzyme deficiencies that are known for many years as inborn errors 

20 of metabolism are ascribed to diseases that are generally referred to as genetic diseases (molecular 
diseases). Detection of a mutation in a gene is quite effective for the diagnosis of such genetic diseases. 

Typical conventional methods for detecting a mutation in a gene that can be used when the site of the 
genetic mutation is already known include a detection method using an oligonucleotide probe (PNAS. 80, 
278. 1983): a method utilizing restriction enzyme polymorphism (Am. J. Hum. Genet.. 69. 201, 1980); and 

25 scission of a one-base mismatch in a RNA.DNA hybrid by utilizing ribonuclease {Science, 230. 1243, 1985). 
Mutation detection utilizing gene amplification was also developed (Proc. Natl. Acad. Sci. USA, 88. 189. 
1991): Anal. Biochem, 186. 64-68. 1990). These methods, however, can be used only when the base 
sequence has already been found out and are limited to the detection of a specific mutation. On the other 
hand. SSCP method {Proc. Natf. Acad. Sci. USA. 86. 2766, 1989). DGGE method {Proc. Natl. Acad. Sci, 

30 USA. 86. 232. 1989). and other methods were reported as methods for detecting a non-specific mutation 
{site and base) in a certain region. These methods, however, use electrophoresis and are not necessarily 
practical when the ease and quickness of operation are taken into account. 

Then J. C. Nicolas et al. developed the following method as a system for detecting a non-specific 
mutation within a certain region of a nucleic acid (EP-A 362042 and Anal. Biochem,! 205, 193. 1992). First a 
biotin label is introduced into one of duplex strands in a nucleic acid fragment containing a region to be 
detected for mutation, and an FITC label is introduced into the other strand to thereby produce a labeled 
standard DNA. The labeled standard DNA is mixed with an excessive amount of a sample DNA containing 
an unlabeled nucleic acid fragment of the same region as the standard DNA. The mixture is heated for 
denaturing and then slowly cooled down (competitive hybridization). When a fragment with a base 

40 sequence in complete conformity with that of the labeled standard DNA is present in the sample, 
recombination of double stranded DNA occurs between the duplex strands of the labeled standard DNA and 
the duplex strands of the sample DNA, whereupon the amount of the labeled standard DNA having both the 
biotin label and the FITC label that has been initially present is reduced. On the other hand, "when a 
fragment with a base sequence partly different from that of the labeled standard DNA is present in the 

^5 sample, the aforementioned recombination between the duplex strands of the labeled standard DNA and the 
duplex strands of the sample DNA is less likely to occur so that the amount of the labeled standard DNA 
that has been initially present remains substantially unchanged. Namely, this method is to judge whether or 
not a fragment containing the same base sequence as that of the labeled standard DNA is present, by 
observing a change from the initially added amount of the -labeled standard DNA after the (competitive 

so hybridization) procedure of mixing, denaturing, and annealing. 

In general, congenital hereditary diseases include dominantly transmitting diseases and recessively 
transmitting diseases. The former will express their phenotype even when genetic abnormality is present 
only m one of alleles (heteroallelic). while the latter will express their phenotype only when genetic 
abnotmaiity is present in both alleles (homoallelic). In the case of recessive heredity Mhe genetic 

55 abnormality would not manifest as a disease when the genetic abnormality is present only on one of alleles, 
but with a Jak chance that the descendant will inherit such genetic abnormality. TJherefqre. exa minati on of 
genetic abnormality is of great significance irrespective of homohetcro. Furthermore, in the^rfpmti ^)f- 
human leukocyte antigen (HLA), even if the alleles m a sample are determined to be homoallelic, a prior art 
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method ,s impossible to accurately confirm whether they are really nonallelic. There is a demand to 
establish such a confirmation method. 

St.ll further, in carrying out genetic diagnosis of diseases such as cancer that are caused by acquired 
gene abnormality, it is quite difficult to collect only cancer cells from a cancer lesion, and normal eels are 
s always mixed therewith. If a mutant gene in mutant cells can be detected under a situation where mutant 

™lr/ feSent "\ admix,ure with normal ce,ls - " is ol great significance in the diagnosis of acquired 
genetic diseases such as cancer. 

However, the method of Nicolas et al. referred to above is difficult to accurately detect mutant gene in a 

o ^ZTeZTt 96,16 1 PfeSem " * m ' mUr * W " h 3 n ° rma ' *™ For example, when a n!c eic 

no A h? C0 " a,nm9 3 n ° rmal 9en9 ,S US6d 35 th9 labeled sta "^rd ONA, the resulting signals would 
no, ex hlbl , a Significant difference between the case wherein one-hall of the genes in .he samp.e n5£ 
ac,d are norma (he.eroal.elic) and the case wherein al. the genes in .he sample are norma. (noL. and 

JZnSS" fe,0re ' ,h6Se m6th0dS inSU,fiC,en, '° r dia9n ° SinQ the diseases associa ^ Xene 

5 oJ^T^VT a TT d l° h3Ve 3 nUC ' 8iC 3Cid d "' e ^a«°n unique that is effective and 
practical for the diagnosis of a hereditary disease or the like. 

Disclosure of the Invention 

deta^n^ °' PreSem L nVen ' i0n iS ,0 Pf0Vide 3 nuCl8ic ac,d ^"^sntiation method which is capable of 
detecting the presence or absence of non-specific mutation in a particular region of a gene as well as 
whether such mutation has occurred on both or either one of alleles, which is capable of deUing a s gh 

no :zrz:: {i :< ' n 0 a f mix,ure ; i ' h norma ' ce,,s and *° ^ °» 

0< sZ^l lT T? 6,her ^ SpeC " iC a " eleS afe ,n comple,e con,0fmi, V among a Plurality 

tzszzzz? kit ,or d,,feren,ia,in9 a nuc,e,c acid ,hat is — - - »«*• 

iJe" nTcL'^ir, 3b0Ve ° b,eC,S ' 1116 inVen '° rS Camed ° Ut ,he ,0l,0win 9 "P^-nts by utilizing a 
targe, nucleic ac,d-detect,on system us.ng a target nucleic acid comprising a primer having a detectable 

rj^^r? ttit 9 a so,id matrix - bindin9 s,,e ^« *«* dzfissz 

!^1^^T.?tf ,on ^ ,d " 0p6n (JP " A) Nos - '- 3M965 and '- 252300 - J - ciin - Micr ° bi °'- 30. 

1 728. 1 992. for example) while making an intensive study thereabout ~ 

reac'on'w'ithTn^ !! ™T '* * C ° nta ' n 3 mu,ant was t0 9<™ amp.i.ication 

no mal oe P T ? " ab0V9 - men,,0ned ^ ™rs. obtaining a tabe.ed sample 6na. Separately a 

halo ZsZeZ mUta "° n ****** t0 96,19 amP " ,iCati0n reaC,i ° n W " h 3 pai ' °< P*« rs 

ONA aSwino loml, P h J h *** m ' Xed W * * le3St an equimolar amount °' ,he standard 
samp, e ONA Ld ,T I"! 1 hybr,d ' Z3,,0n ,0 taka P lace - T "° 'ate of recombination between the .abe.ed 
founS h hh " S,3nd3rd ° NA W3S determin ° d by utilizing the ED-PCR system. I, was then 

ONA 0 ' on b , y v TeZ* ' T^ 01 * am ° Unt ° f ,hS Un ' 3be,ed 0NA 10 *° «»W -P " 

also whe hT VI P ?," Ce k abSenCS °' ' he n °° - Sped,ic mutation » i,hin a P^«cular gene region but 
™r 0 nTn ,h k H mU,at '° n ^ ° CCUrred i0 b °' h 0r ei,her one ° f -Was could be detected tha the 
the o In ? ? K e,eC,ed ^ Whe " ,h9 Pr ° POrti0n of ,he ™ ta "' i» as low as about .0% nd that 

Tamp 0 ' ONA and , a oinrnC 0 " ° SPeCi ' iC 9e " eS ' W ° S3mp,e ° NAs b ^ ^ °" e ONA as the labeled 
hel P gene^ ^are identS T 1 1 ° NA ' ma,Chi "9 °' these 9an«. that is. whether 

°' whe,her these 9enes 3fe comp,e,e,y or par,ially di,ferent <™ 

,rom each other cou,d be examined - The pfesent 

"ab8I^^^^ lh in, ^ ,0,I '° Und th3 ' 35 0pposed t0 ,he conventions method of mixing a 

« J22S,r^ J miXed WUh an 6XCeSS,ve am0un ' °' an unlabe,ed ">andard ONA 
occurred !l lndUCed • ,hen " becomes poss,b,e ,0 detect wh e' h ^ or not mutation has 

Zt 1 I rr,: 3 ° , m T ,0 n ° fmal 96neS m ,hC SP9C ' men 3nd ,he measurement ob,a«,ed by 
rt Z Z^Z 'Z T 9 ?Z COmP9 " tiVe hVbridi2a,i0n 3nd havi " 9 b0,h ,he S0,id -airix-binding 
calculated from B t ,he f3t, ° °' mu,anl 10 norma ' 9 9nes be relatively e«te- 

a o/ a^ e DNATr a r:e e her T, re - " b6en '° Und ,h3t m3,Chin9 °' 3 glne^- " 

,y sample DNAs can be exam.ned by us.ng one samp.e ONA as the labeled sample ONA and 
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another DNA as ; .j unlabeled standard ONA. The present invention has been completed based on such 
findings. 

According to the present invention, there is provided a nucleic acid differentiating method lor differen- 
tiating a gene in a particular region of a target nucleic acid in a specimen, characterized by comprising the 
steps of preparing a labeled DNA by effecting gene amplification of the particular region of the target 
nucleic acid in the specimen by using target nucleic acid-amplifying primers comprising a prtmer having a 
detectable label introduced therein and a primer having a solid matrix-binding site introduced therein, using 
the resulting labeled DNA as a sample DNA. using an unlabeled ONA specimen to be evaluated for it 
matching with the sample DNA as a standard DNA, adding at least an equimolar amount of said standard 
DNA to said sample DNA, effecting competitive hybridization, and thereafter measuring a degree of 
substitution between complementary strands of said sample DNA and said standard DNA by utilizing said 
detectable label and said solid matrix-binding site, thereby determining the matching between (he nucleic 
acids. 

According to the present invention, there is also provided an assay kit for nucleic acid differentiation, 
characterized by comprising target nucleic acid-amplifying prim :rs comprising a primer having a detectable 
label introduced therein and a primer having a solid matrix-binding site introduced therein, and an unlabeled 
DNA specimen to be evaluated for its matching with the gene amplified product amplified by said primers. 

The nucleic ac:d pilfer ontuting a^ay W\i of ihe present invention may be used by mixing ihe primers 
for amplifying nucleic acid in the particular region of the target nucleic acid with a specimen, which has 
been subjected to a pretreatment such as cell disruption treatment if necessary; adding reagents required 
for nucleic acid amplification to the mixture to effect the amplification of the target nucleic acid in the 
specimen; adding said unlabeled DNA specimen to the amplified product to effect competitive hybridization; 
trapping the hybrided DNA on a matrix by utilizing said solid matrix-binding site; and effecting measurement 
by utilizing the detectable label. In this regard, a assay kit for nucleic acid differentiation is obtained when 
reagents and materials as used in ED-PCR method, for example, a cell disruption reagent, a reagent for 
nucleic acid amplification, and a matrix for trapping the hybrid are added to said target nucleic acid- 
amplifying primers and said unlabeled DNA specimen. 

The preferred embodiment of the present invention will be clearly understood by reading the following 
description. 

Brief Description of the Drawings 

FIG. 1 is a schematic view illustrating a nucleic acid differentiation method as applied to all normal 
nucleic acids, (A) showing the method of the present invention and (B) showing a prior art method tof 
Nicolas et al.). 

FIG. 2 is a schematic view illustrating a nucleic acid differentiation method as applied to nucleic acids 
one-half of which are mutant, (A) showing the method of the present invention and (B) showing a poor art 
method (of Nicolas et al.). 

FIG. 3 is a schematic view illustrating a nucleic acid differentiation method as applied to all mutant 
nucleic acids, (A) showing the method of the present invention and (B) showing a prior art method (of 
Nicolas et al.). 

FIG. 4 is a graph showing the absorbance relative to the proportion of mutant in a sample -DNA as 
processed by the nucleic acid differentiating method of the present invention. 

Best Mode for Carrying Out the Invention 

The nucleic acid differentiating method of the present invention is constructed such that, as opposed to 
the conventional method wherein a labeled standard DNA is mixed with an excessive amount of an 
unlabeled sample DNA to effect competitive hybridization, a labeled sample DNA is mixed with an 
excessive amount of an unlabeled standard DNA to effect competitive hybridization, and a degree of 
substitution between complementary strands m the sample DNA and the standard DNA is determined, 
thereby enabling detection of the presence absence of a non-specific mutation within a particular region of 
the gene, as well as whether such mutation has occurred on both or either one of the alleles; detection of a 
slight amount of mutant cells m a mixture with normal cells, as well as the ratio of mutant to-normal cells: 
and confirmation of the matching of Ihe particular alleles among a plurality of samples. 

Now th~e~nuc!eic acid differentiating method of the present invention is~ theoretically dqggtbj^i • mi 
comparison with that of Nicolas ct al Itho method described in Anal. Biochem.. 205. 193. 1992} by roTon^j 
to the schematic drawings. 
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Theoretical measuremnt (ratio to the initial measurpmpnt nt i> 




All genes are normal 


Half genes are mutant 


All genes are mutant 


Conventional method 


0.048 


0.091 


1 


'nventive method 


0.048 


0.512 


1 
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wherein half genes are mutant, and the example wherein all genes are mutant, with which clear differenti- 
ation among these example is possible. The measurements obtained in the conventional method {Nicolas 
method) differ only by 0.043 between the example wherein alt genes are normal and the example wherem 
half genes are mutant, with which clear differentiation between these examples is impossible. Additionally, it 

s is theoretically recognized that the inventive method provides a linear correlation between the proportion of 
mutant gene and the measurement. 

Accordingly, the nucleic acid differentiating method of the present invention can detect the pres- 
ence absence of mutation independent of the ratio of normal to mutant genes. In addition, since there is a 
linear correlation between the ratio of normal to mutant genes in a sample and the measurement obtained 

to by quantitating the molecule resulting from competitive hybridization and having both the solid matrix- 
binding label and the detectable label, the ratio of normal to mutant genes may be rather easily calculated 
from the measurement obtained. Furthermore, the inventive method can determine the matching of a 
particular gene in a plurality of DNA specimens by using the DNA specimens as the sample DNA and the 
standard DNA. 

/s As described above, the nucleic acid differentiating method of the present invention first carries out 
gene amplification in a particular region of the target nucleic acid in a specimen by employing target 
nucleic acid-amplifying primers comprising a primer having a detectable label introduced therein and a 
primer having a solid matrix-binding site introduced therein. 

The specimen to be assayed includes blood, tissue lesion and excretions such as feces and urine of 

20 human origin. When it is desired to carry out prenatal diagnosis, fetus cells in amniotic fluid or cells of 
cleaved oocyte in a test tube may be used as the specimen. The specimen may be used as such or if 
desired, prior to use, concentrated as a concentrate by centrifugation or the like, subjected to cell disruption 
by enzymatic treatment, heat treatment, surfactant treatment, ultra-sonication. or a combination thereof. In 
this regard, the cell disruption treatment is done for the purpose of exposing the DNA derived from the 

25 particular tissue of interest. The cell disruption may be carried out in accordance with any of the know 
methods described in the literature such as M PCR PROTOCOLS". Academic Press Inc., P14. P352. 1990. 
The specimen preferably contains the DNA of interest m a total amount of from about 1 to about 100 ug 
although less than 1 ug of DNA can still be amplified satisfactorily. 

Next, the target nucleic acid-amplifying primers consist of a primer having a detectable label introduced 

30 therein and a primer having a solid matrix-binding site introduced therein. The detectable label or the solid 
matrix-binding site may be introduced in the primer at a position that would not adversely affect the 
elongation efficiency of the primers. Preferred positions of introduction are a hydroxyl group near the 5'- 
terminal and an active group in the base or phosphodiester moiety. 

The detectable label employed herein may be etther radioactive or non-radioactive, with use of a non- 
35 radioactive substance being preferred. The non-rad ; jactive labels that can be directly introduced include 
fluorescent substances such as fluorescein derivatives {fluorescein isothiocyanate etc.) and rhodamine and 
its derivatives (tetramethylrhodamine isothiocyanate etc.): chemiluminescent substances (e.g.. aendine etc.): 
and substances exhibiting delayed fluorescence (DTTA manufactured by Pharmacia). 

Also the label may be indirectly detected by utilizing a substance that is capable of specifically binding 

40 with the label. The labels that can be used for such indirect labeling include biotin. ligands, particular 
nucleic acids or proteins, and haptens. In the case of biotin, avidin or streptavidin capable of specifically 
binding therewith may be used. In the case of haptens, antibodies capable of specifically binding therewith 
may be used. In the case of ligands. receptors may be used. In the case of particular nucleic acids or 
proteins, nucleic acids capable of specifically binding therewith, nucleic acid-binding proteins, or proteins 

js having affinity to the particular protein may be used. 

The haptens that can be used include compounds having a 2.4-dinitrophenyl group and digoxigenin. 
Biotin or fluorescent substances may also be used as a hapten. Such labels may be introduced alone or in 
combination of two or more, if desire, by a well-known technique (see JP-A 59-93099. 59-148798 and 59- 
204200). The detectable label may be identical with the solid phase-binding site. 

so When the target nucleic acid-amplifying primers are added to the specimen, gene amplification reaction 
based on elongation of the primers should take place if the target nucleic acid to be detected is present m 
the specimen. 

In this regard, the elongation of the primers proceeds in terms of incorporation by the primers of the 
four types of nucleotide triphosphates (deoxyadenosme triphosphate, deoxyguanosine triphosphate, deox- 
55 ycytidme triphosphate, and thymidine triphosphate: a mixture thereof is sometimes referred to as dNTP) as 
the substrains. - — — 

In carrying out the elongation reaction, an amplification reagent comprising the unit nucleic nci't-r 
described above and a nucleic aod-clongating enzyme is generally employed for amplifying nucleic ao-i 
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^sed. The recognjle sequence sLcZ 1. h k ?** ^ 9 " d ,e,t ,herein ^ b. 

vector ,ha, transports the ONA niay be arn^ vector "such 'asVT *** " 3bSent " M « ° NA ' The 
of a large copy number wh.ch can be JZ^JTrZ < ' * ' Pha "' ^ iS 3 V6C,0r 

production. Propagated m E. col., for example. pUCl 18 which is suitable lor 
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unlab^^ standard DNA from the p.asmid in which the 

-ng a P a.r of pnmers ^ZZ^^J^*" 35 *° ^ ° NA is ^ 
enzyme for the tandem ligation of the standard T reco 9 niMb, « °y the restricting 

by the restriction enzyme used "foT "'T* dir * Ct, ° n * SequenCe ^ognizab.e 

res.nct.on enzyme lor Ldem tiqa l Th a 1 ' h 9 Unl3b9,9d ° NA ' '° ll0wed b * c,eavaQ e with the 
Plura,,y o, standard 0^^^^!^ afe libated t0 PW a sequence wherein a 
saving .ncorpora.ed there.n the standard S tan^m, T'T^ ^ *" '° 
Plasm,d A „h the restr.ction enzyme useTor el.sion r>Z ' ,h9 S3m9 dir9C,i ° n - Tfea,ment of ,he 

"n ^ regard. Vlarge, nurnber ^n^S ^V^*^ ? NA W ° U,d Pr ° dUCe ,he Standard 

seems apo-opr.ate .or sue, *9«J*^^^T?* T™* * °' '° '° S9Vefal ,e,1s 

q ements as the stability of the plasmid although the number depends on 
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the sequence of the standard DNA. 

Next, according to the invention, competitive hybridization is carried out between the labeled sample 
DNA and the unlabeled standard DNA which is previously prepared by the above-mentioned procedure. 
Both the DNAs should be denatured in the competitive hybridization while the denaturing technique is 
preferably a thermal or alkaline technique. Both the DNAs may be mixed together either immediately before 
denaturing or after denaturing. In the inventive method, at least an equimoiar amount, typically a 5 to 20- 
fold molar excess amount of the unlabeled standard DNA should be added to the labeled sample DNA 
although the optimum ratio varies with the length, base sequence, degree of mutation of the DNA. 

Furthermore, in the competitive hybridization, the solution should be adjusted to an optimum salt 
concentration, which largely depends on the strand length. In general. SSC (20*SSC: 3M sodium chloride. 
0.3 M sodium citrate) and SSPE (20xSSPE: 3.6 M sodium chloride. 0.2 M sodium phosphate, 2 mM EDTA) 
are used in hybridization and in the practice of the invention, these solutions may be used after diluting to a 
suitable concentration. 

The competitive hybridization may be accomplished by mixing the labeled sample DNA and the 
unlabeled standard DNA which are denatured by the above-mentioned procedure, and slowly cooling the 
mixture from an elevated temperature. With respect to the temperature conditions, optimum conditions may 
be suitably determined in consideration of the length of DNA strands being hybridized, the base sequence, 
the difference between the normal and mutant base sequences. One typical condition is to lower the 
temperature at a rate of 1 ' C per 3 to 10 minutes in the temperature range from 98 * C to 58 * C. 

Next, the product of competitive hybridization is measured by the principle of ED-PCR method (see. lor 
example. JP-A 1-31496 and 1-252300 and J. Clin. Micobiol. 30, 1728. 1992). The ED-PCR method can 
express the presence of a duplex strand nucleic acid as a signal only when the strands of the duplex strand 
nucleic acid have different labels (or identical labels as the case may be). Therefore, in the above-described 
product of competitive hybridization, the signal will become lower as the frequency of strand substitution 
between the labeled sample DNA and the unlabeled standard DNA increases. In other words, the signal will 
become lower as the sample contains a larger proportion of the same base sequence as the unlabeled 
standard DNA in the region of interest. If desired, the label may be introduced into only one strand of the 
sample DNA and into the complementary strand of the standard DNA whereby a signal is developed when 
tne sample DNA has a base sequence that matches with that of the standard DNA, namely when strand 
substitution occurs between the sample and standard DNAs. 

As described above, the product of competitive hybridization is measured, and then, sequence 
matching of the sample DNA with the standard DNA is determined from the measurements (to find out the 
presence. absence of the mutant gene, the ratio of mutant to normal genes, any difference in base sequence 
bejween the sample DNA and the standard DNA, and a degree of such difference). Any conventional 
technique may be employed for the measurement depending on the label used. For example, when the 
label used is a radioisotope, simply radioactivity may be measured, and when tne label is a fluorescent 
substance, simply fluorescence intensity may be measured with a fluorometer {see JP-A 1-252300). 

On the other hand, when a label other than the directly detectable label is introduced in the primer, a 
reagent that enables an indirect measurement of the introduced label is utilized. Exemplary reagents used 
for such measurement are a complex of avidin or streptavidin with an enzyme when the label is biotin; and 
an antibody-enzyme complex wherein an antibody capable of specifically binding to the hapten is bound to 
an enzyme and a substrate for the enzyme when the label is a hapten. When such a reagent is used, the 
reagent reacts with the label to produce a component that can be detected by color or fluorescent means. 
With respect to the enzyme and substrate that may be used in such reagents, 2-nitrophenol, tf-D- 
galactoside. 4-methylumbeliferyl-jj-D-galactoside. etc. may be used as the substrate when the enzyme is ;j- 
O-galactosidase; 3-(4-hydroxyphenyl)propionic acid. 3.3\5.5*-tetramethylbenzidtne, 1.2-phenylenediamine. 
etc. may be used as the substrate when the enzyme is peroxiaase: 4-methylumbeliferyl phosphate. NADP. 
4-mtrophenyl phosphate, etc. may be used as the substrate when the enzyme is alkaline phosphatase: 
glucose. NAD. etc. may be used as the substrate when the enzyme is glucose-6-phosphate dehydrogenase: 
and ethanol, NAD, etc. may be used as the substrate when the enzyme is alcohol dehydrogenase. 

The measurement of the hybridization product is carried out by trapping it on a solid phase matrix. The 
solid phase matrix used herein is the one capable of specifically binding with the solid matrix-btnding site 
that has been introduced in the primer. An exemplary solid phase matrix is a microtiter plate which is 
pretreated so that microtiter wells may specifically bind with the matrix-binding site of the primer. 

The results of measurement are described below. When no mutation is present in the" gene region of 
interest m the_sample. the measmement will have a significantly low value because of dilution with the 
excess of the unlabeled standard'DNA as previously described in conjunction with the sc!';..natr5^*w*\M 
FIGS 1 to 3. When all genes are mutant, the moasuiemont will havo n high value since the labeled DNA •> 
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2,™ 1 6 6d S ' andard ° NA ' Whe " ha " aenes are mu,ant ™ of alleles is 

mutant,, the measurement will have a value m.ermed.ate .he value associated with nil mutation and the 
value assocated wth all mutant genes. Such a specimen can be easily differentiated 
n^Tr°V. a Ca ' ibratl0n Sh0Wi " 9 ' he mea ^™n' 'elaeon to the ratio of mutant to normal 
aenes ' hanTh r * T***, meaSU " n9 Var '° US S3mp ' e ° NAS havi "9 di ' feren ' ra,ios °' ™ lan < '° "orma. 
rasurement °™ ^ 3 Spedm6n Wi " be r9adily de,ermined ,rom a " 

324 ",63 Tglev PGR 1,%?? ZhS 1 T T™* m9th0d < K " Ra " da " et al ■• 

^4 163. ,986). PCR-RFIP method (N. Maeda et al.. Tissue Antigens. 34. 290. 1989): PCR-SSP method 

O. Lerup e, a,.. T.ssue Antigens. 39. 225. ,992),. the results that alleles inThe samp.e are homoallelicTave 

an* -accurate determination s.nce there ,s a possibility that the sample ,s hetero-alle.ic to a n k nown 

Z JSTT- IT me ' h0d °' ' he PreS6nt inv9n,i0 ° «" de,inite 'V «** 'he sampH 
soZl T» ^ ana,yS ' S iS madS aCC ° fdin 9 <° the "«antfv -ethod by using the DNA Tone 

>s mp "ed w r ' - ' abeled J*'™ 33 ' abe,ed ° NA - and usinQ the DNA « specimen 

the 1 1J * Pnmer haV,n9 thS 53,719 S6quence as ,he un,abeled standard DNA. the ONAs of 

one Hi T S "T" 16 ' C3n be C ° n,irmed Whe,her a,,e,8S in ,he DNAs a '° in ^P'ete conformity with 
one ano her. Th,s would be an effective means for fina. confirmation in a transplantation surgery 

sequence m.S2 "! ** I"?* T me ' Mion acC0fdi "9 <° < h * P^en, invention is to determine the 
oresen n T , ° °i ""^ 3C ' dS bV ,he abov ^«cribed nucleic acid differentiating method of the 
present nven on As described above, this assay m comprises gene amplifying primers for amplifying he 

mafchL Z T' r69i0n °' [ * r9 « nUC ' eiC 3Cid - and " un,abe,ed ^'andard ONA to be eva.uated to is 
match.ng with the gene amplified with said primers. 

includes foL? H ,yin9 ^"V™ 9 9B * W 3 partiCular re 9 ion '<* ,he ,a '9e> nucleic acid 

srte^L T h 9 3 teCt3b ' e l3bel in,r0dUC6d ,herein and a »«™< h av,ng a solid matnx-bind.nq 
descld "!.n T- det6C,ab,e ' abel 3nd ,hS S °" d site are le same as previous"' 

!^ON?2 U STm nUC ' eiC 3Cid di " eren, ' a,inQ ™ thod « *° *™ '-en«ion. The unlabeled 

invenTn ^ " PreV, ° USly d9Saibed in COnjunc,io ' 1 wi,h ,h9 ™*od °< Present 

with me ahn 3 .^' ,0r KH C,eiC 3Cid di,,8ren,ia,ion accordi "9 «° present invention is used in accordance 
aZZTorZrl 1 ° 3C,d di,,eren " a,in 9 of the present invention by m.x.ng the gene 

d^uX and^dn;? mn a f SPeCimen ^ h3S 0P,iOna " y »™ s » b >°« '° a Pretreatmen, such as cel. 
ac dTnTh. cn 9 P y ' ng rea9en ' S 10 the mix,ure - am P ,i,vin 9 a Particular region of the target nucle.c 

'he standard DNA The 1 , ? * 3 ^ °' recombi " atio " "° sample DNA and 

particulat tho^ P ^ ^ r6a98n,S ^ m3triX USed h9fein m3y be th0Se known in ,he 
invent^ Th« f ' PfeV ' 0US,y d9SCnbed '° r ,he nucleic acid differentiating method of the preset 

::r; z^z^zs. assay kit of the — ca - - ~ by ™ 

preseHvZon'Ver^ ° U J 3SSay ^ nUd8iC 3C ' d di » ere " tia « i °" wi ' b 'he assay kit according ,o the 
Z>n 8 m3y b9 US9d 3 Ce " disrup,ion fea 9«n' 'or specimen pretreatmen,. a washing 

althouohTrioT , Compara,ive Example af e given below for further illustrating the present invention 
although the present .nvent.on is by no means limited by the Examples. 

Example l 

A point mutation, Glu (G. ) — Vai tarn\ ;« c.u ^ < . 
follows. 1 31 (GTG> ,n 6lh codon of h uman 0 globin gene was detected as 

PBG-I 

PG 2 5'GGGTTGGCCAATCTACTCCCAG 

^^CAACTTCATCCArGTTCACC * " - 

Ampliation of the DNA by the PGR techn.quo was earned out by us.ng PBG-1-NH (tOO ng. an, ' 



35 



45 
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2-NH. (tOO ng) with pBGN (I ng) or PBGM (1 ng) as described below as a template in the presence of 200 
uM of four types of dNTP m 1 00 ul of a reaction solution containing 67 mM tnshydrochloric acid buffer (pH 
8.8). 16.6 mM (NH : ):SO:. 6.7 mM MgCI^. 10 mM 2-mercaptoethanol. and 2 units of Tth ONA polymerase. 
The reaction was performed by heating the reaction system at 94 'C for 5 minutes and repeating 30 cycles 
of 94 'C for 30 seconds. 50 *C for 30 seconds, and 72 *C for 60 seconds. The resulting reaction solution 
was used as an unlabeled standard DNA solution. 

Separately. PG-2-DNP (100 ng) and PBG-1-BiO (100 ng) with pBGN (1 ng) or pBGM (1 ng) were mixed 
and amplification by PCR technique was carried out in the presence of 200 uM of four types of dNTP under 
the same conditions as cescribed above. There was obtained a labeled sample DNA solution. 



PBG-l-Bio 






Biotin-S'GGGTTGGCCAATCTACTCCCAG 


PG-2-ONP 






DNP-5*CAACTTCATCCACGTTCACC 


PBG-I-NH 2 






NH 3 -5'GGGTTGGCCAATCTACTCCCAG 


PG-2-NH2 






NH-S'CAACTTCATCCACGTTCACC 


pBGN 






A plasmid having normal human £-globin gene 


pBGM 






A plasmid having one base mutation. Glu (GAG) — Val (GTG) at 6th amino acid 



The amplified products in the standard DNA solution and sample DNA solution were .respectively 
confirmed for their size oy agarose gel electrophoresis to find that they were produced in substantially the 

same amount. 

Competitive hybridization 

The standard DNA solution and the sample DNA solution were mixed, and water was added to 30 ul. 6 
ul of 20xSSC (0.3 M sodium citrate. pH 7.0, 0.3 M sodium chloride) was added to the mixture, and mineral 
oil was overlaid. The nrmujre was heated to 98 *C for 10 minutes, and gradually cooled to 58* C at a rate of 
1 * C per 6 to 10 minutes using a gene amplifier (Thermal-Cycler PJ2000, Perkm-Elmer). A 20-ul aliquot was 
taken out of the reaction solution for detection. Note that the unlabeled standard DNA solution used was 
derived from the pBGN. The labeled sample solution used was derived from the pBGN or pBGM. or a 
mixture of them in equal amounts. Analysis was made while varying the volume ratio of the unlabeled 
standard DNA solution ic the labeled sample DNA solution. 

Detection 

The molecules residing from competitive hybridization and simultaneously having both the biotin label 
and the DNP label on the S'-terminal of each strand are detected. 

To a microtiter plate having immobilized thereon streptavidin is added 100 ul of 50 mM tris- 
hydrochloric acid (pH 7.5). 0.15 M NaCI, and 0.05% Tween 20 containing an anti-DNP mouse IgG-alkaline 
phosphatase complex. 20 ul of the hybridization solution was added thereto. After admixing, the prate was 
incubated at 25 'C for 30 minutes and washed three times with 300 ul of the same solution except 
antibody-enzyme complex. To this microtiter plate was added 100 ul of 1M diethanolamine (pH 9.8) and 0.5 
mM MgCb containing 4 mg.ml of p-nitrophenyl phosphate, and color development was effected at 25 'C for 
1 hour. The yellow cole developed was measured in terms cf absorbance at 405 nin using a pla'e reader. 
It should be noted that Hybridization was simultaneously carried out in two tubes, and the measurements 
were averaged. 

Competitive hybridization was carried out while varying the mixing ratio of the standard DNA solution to 
the sample DNA solutici The resulting "duplex strand ONA having the DNP label on one strand and the 
biotin label on the othei strand" was detected. The results are shown in Table 2. 
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Table 2 



jo 



Standard DNA 
(unlabeled) 


Sample DNA (labeled) 


Standard;sample ratio 


Absorbanrft f A4n^\ 


Noraml (pBGN) 


Normal (pBGN) 


20:1 


0.120 


Noraml (pBGN) 


Mix of normal (pBGN) and mutant (pBGM) 


20:1 


0.418 


Noraml (pBGN) 


Mutant (pbbM) 


20:1 


0.988 


Noraml (pBGN) 


Normal (pBGN) 


10:1 


0.202 


Noraml (pBGN) 


Mix of normal <pBGN) and mutant (pBGM) 


10:1 


0.511 


Noraml (pBGN) 


Mutant (pBGM) 


10:1 


1.068 


Noraml (pBGN) 


Normal (pBGN) 


5:1 


0.369 


Noraml (pBGN) 


Mix of normal (pBGN) and mutant (pBGM) 


5:1 


0.631 


Noraml (pBGN) 


Mutant (pBGM) 


5:1 


1.150 
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Comparative Example 

S0 , u .TnnT n in ; U K Cleic acid was de,ected according to the conventional method. The standard DNA 
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Standard DNA 


Sample 


Absorbance (A405) 


Normal (pBGN) 


Normal 


0.16 


Normal (pBGN) 


Normal + Mt *ant 


0.20 


Normal (pBGN) 


Mutant 


1.02 



^ZnTe^orJfnJ "? C h 0nven,iona, method a «°'<*"9 only a difference of 0.04 in absorbance 

Example 2 

PHfl-i ™" a ""*' aw length by agarose gel electrophoresis. 
S'ATGACGGAATATAAGCTGGTG 

FHR-2 . 
5'CTCTATAGTGGGGTCGTATTC " 



PHR-I-ONP 



ONP-5'ATGACGGAATATAAGCTGGTG 
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PHR-2-Bio 

Bio-5'CTCTATAGTGGGGTCGTATTC 

PHR-1-NH ? 

NH> -5* ATG ACGG AATATAAGCTGGTG 

PHR-2-NH 2 

NH2 -5'CTCTATAGTGGGGTCGT ATTC 

pSK-2 

A plasmid containing normal ras gene (T. Sekiya. Gann. 74, 794, 1983) available 
from JCRB (Japan Cancer Research Resources Bank). 

pKY*1 

A plasmid having a mutation at 12th codon (M. H, Kraus and Y. Yuasa, Nature. 303. 
775. 1983) available from JCRB (Japan Cancer Research Resources Bank). 

Competitive hybridization and detection 

The standard DNA solution and the sample DNA solution were mixed, and water was added to 30 ui. 6 
ul of 20xSSC was added to this mixture and the detection was carried out as in Example 1. It should be 
noted that competitive hybridization was simultaneously carried out in two tubes, and the measurements 
were averaged. The results are shown in Table 4. 

Table 4 



Standard DNA solution 


Sample DNA solution 


Standard:sample ratio 


Absorbance (A405) 


Normal (pSK-2) 


Normal 


3:20 


0.122 


Normal (pSK-2> 


Normal + Mutant 


3:20 


0.338 


Normal (pSK-2) 


Mutant 


3:20 


0.575 



The results of Tables 2 and 4 reveal that the nucleic acid differentiating method of the present invention 
was effective for establishing a definite discrimination among the sample wherein both alleles are normal, 
the sample wherein one allele is mutant, and the sample wherein both alleles are mutant since the 
respective samples exhibited significant changes of absorbance. On the contr&ry, the conventional method 
(of Nicholas et al.) failed to differentiate the sample wherein both alleles are normal and the sample wherein 
one allele is normal and the other allele is mutant since {here was no significant difference between them. 

Example 3 

By adding a minute amount of mutant DNA (oncogene) to normal DNA as a model simulating a state 
wherein cells having a particular mutant gene are mixed with normal cells, an experiment was carried out as 
follows, to see whether such a state could be detected by the inventive method. 

Human c-H-ras gene (derived from pSK-2) was used as the normal DNA, and human c-H-ras gene 
having a mutation. GGC (Gly) - GTC (Val) in 12th codon (derived from pKY-1) was used as the mutant 
DNA. Samples were prepared so that they contained the mutant DNA at a percentage of 0%, 5%. 10%. 
25%. 50% and 100% based on the normal DNA. These samples were amplified using a pair of primers. 
PHR-1-DNP and PHR-2-Bio. obtaining a labeled sample DNA solution. 

Separately, normal DNA was amplified using a pair of primers. PHR-1-NH? and PHR-2-NH : , obtaining 
an unlabeled standard DNA. 

The labeled sample DNA solution and the unlabeled standard DNA solution were mixed so as to give a 
molar ratio of DNAs of 20:1 in the combined solution, followed by thermal denaturing and annealing. 
Detection was made as in Example 1. The results are show m Table 5. Also the absorbance »s 
diagrammatically plotted relative to the ratio of mutant to normal genes based on an absorbance of 1 for the 
sample wherein the proportion of the mutant DNA in relation to the normal DNA is 100%. This is shown m 
FIG. 4. - 
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Table 5 



Proportion of mutant DNA 
relative to normal gene 


Absorbance (A405) 


0% 


0.045 


5% 


0.079 


10%' 


0.101 


25% 


0.146 


50% 


0,304 


100% 


0.563 



even when f "? ^ 4 r9V9a ' *« 3 Si 9 nificant diffe ™ ce in abs ^ance is observed 

Z^PJZZ?™ °„' T a "!i ° NA ,0 n ° rma ' ° NA iS ,0W ' that *« is 3 clear «""Mon between he 
DNA^s ° ,o P P k T ' 9 absorbance ' and < ha < lection is easy even when the amount of mutam 

be 1 te C td Trom ^ '°' ° NA dia9n0SiS " h9rei " 3 minute a ™"< <* cahce cells m 

not on v ^ to dZ t r°" S S r! Sem 10 b, °° d - Ufine ° r ,6CeS ' «■* b * lha inv * ntiv ° method enable 



Example 4 



Genetic diagnosis of cystic fibrosis 



r^T^ , CFTR (CVS,iC " br ° SiS transmem brane conductance regulator, gene is believed to be a oene 
ndTse n " ,,br0SiS ' ThiS diS6aSe 13 mani ' eS,9d ^ " he " ™» of this gene e abnormal 
who ra ^r; he 9 TT V ° n ' y °" 311919 W0U ' d n °' Su,,er (his b "« wou.d be cal 

7,LTT 99093 ,0 ,heir descenda "<- Therefore, the genetic diagnosis of CFTR 2, 



t here Ab hre 7 been 0 , , n , n e ri mU,ati0n ! '° Und ** 9 " ne feSU " " 0m dele,ion of 508,h Phenylalanine. Howe- 
Tpecific m3ny ° ther ,VPeS °' mUta,i ° nS while !he " a " d type a , diverged and 

bo t h T a h |Lr:T ,iVe T 6th0d 3imS ,0 d9,ermine Whe,h8r b0,h al,eles normal, only one allele is mutant or 
prlt?ep:r, e s mU,am reSPeC ' * *" SP9C '" C "** < s «* a ' d ° d P™ I mutation based on the 

^^zz:^z^zzz: an ,hat derected in this Examp,e ™ 



Table 6 



Exon 


Type of the mutation 


Exon 4 


621 + 1G > T 


Exon 10 


AF508 


Exon 1 1 


G5510 


Exon 2t 


N1303K 
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( I ) Examination of exon 4 
Prewar:. :- on of a sample 

A part of exon 4 was amplified by using human chromosome DNA as a template, and incorporated into 
primers CF04P101 and CF04M101 as shown below. 
CF04P101 

5*ATTGTGAGGACACTGCTCCTACACCCAGCC 

CF04M101 

5TACGATACAGAATATATGTGCCATGGGGCC 

PCR amplification was carried out by using CF04P101-OH (100 ng) and CF04M101-OH (100 ng) with l 
ug of normal human chromosome as the template in the presence of 200 uM oj four types of dNTP in 100 
ul of a reaction solution containing 67 mM tris-hydrochloric acid buffer (pH 8.8). 16.6 mM (NH : ) 2 S04, 6.7 
mM MgCl 2 . 10 mM 2-mercaptoethanol. and 2 units of Tth ONA polymerase. The reaction was performed by 
heating the reaction system to 94 'C for 5 minutes and repeating 35 cycles of 94 *C for 30 seconds. 60 'C 
for 30 seconds, and 72 * C for 60 seconds. 

The reaction solution was separated by agarose electrophoresis to obtain a fragment of about 230 bp. 
This fragment was introduced into Smal site of pUCli9, With the base sequence confirmed, this was 
designated pEX4N. 

A point mutation was introduced in the gene by the overlap extension mutagenesis technique (Steffan 
N. Ho et al.. Gene. 77, 51-59. 1989) using the pEX4N as the template and using four primers. CF04P101 
and CF04M101 as described above and CF04621P and CF04621M as described below, obtaining a gene of . 
621 + 1G > T. With the base sequence confirmed, this was designated pEX4M. 
CF04621P 

GATTTATAAGAAGTTAATACTTCCTTGCACAG 

CF04621M 

AAGTATTAACTTCTTATAAATCAAACT 
Detection of mutant gene 

An unlabeled standard DNA was prepared as described below. 

PCR amplification was carried out by using CF04P101-NH : (100 ng) and CF04M101-NH; (100 ng) 
together with the above-mentioned pEX4N (1 ng) and also using a reaction solution of the same 
composition as used for the preparation of the sample. 

Separately, a labelec sample DNA was prepared by carrying out PCR amplification using CF04P101- 
Bio (100 ng) and CF04M 1O1-DNP (100 ng) together with a plasmid as described below as the template. 
Normal: i ng of pEX4N 

Mutation in one allele: 0.5 ng of pEX4N 0.5 ng of pEX4M 
Mutation in both alleles: t ng of pEX4M 
The amplified products in the standard DNA solution and the sample DNA solution were evaluated for 
si2e by agarose gel electrophoresis to find that the they were produced in a substantially equal amount. 

Competitive hybridization ' - - 

The sample DNA solution was mixed with a 20-fold amount of the standard DNA solution under the 
conditions of Example t. The reaction solution was heated to 98 "C for 10 minutes, and the temperature 
was gradually decrease^ to 68'C at a rate of 1 *C 10 min, A 20-uI aliquot was taken out of the reaction 
solution, and the molecules resulting from competitive hybridization and having both the biotin and DNP 
labels on S'-terminal of :neir strands were detected by the same procedure as in Example 1. The results are 
shown in Table 7. 
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Table 7 



Standard DNA solution (unlabeled) 


Sample DNA solution (labeled) 


Absorbance (A405) 


Normat (pEX4N origin) 


Normal (pEX4N) 


0.11 


Normal (pEX4N origin) 


Mix of normal (pEX4N) and mutant (pEX4M) 


0.70 


Normal (pEX4N origin) 


Mutant (pEX4M) 


1,87 



to 



As shown in Table 7, the cases wherein both alleles are normal, wherein only one allele is mutant and 
wherein both alleles are mutant could be clearly distinguished. 

(2) Examination of exon 10 

> 

With respect to exon 10. detection was carried out as follows using the most frequently found mu.at.on 
LirDUo as a model. 
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Preparation of the sample 

chromtLTlTn" 0 " ^IT "* CP,OM10, -° H «°° «9> ** Ascribed below together with human 
chromosome DNA (, ug). PCR amplification was earned out by the above-described procedure. The 

CFIOP^ Similaf ' y in,r ° dUCed in '° 3 plasmid ,0 P rodu ce P EX10N having the normal gene. 

5'GATTATGGGAGAACTGGAGCCTTCAGAGGG 

CF10M101- 

5'CTTCTAGTTGGCATGCTTTGATGACGCTTC 
,nn Sell USin9 '° Ur PnmerS ' CF,0P,0, -° H a "d CF10M10.-OH as described above and CFAF508U 

mu'atS fJSSk 33 deS H ,be w J 6 ' 0 " t0 "' her PEX ' 0N aS the ,empla,e " 3 P ,asmid P EX10M h — 9 
mutation AF508 was produced by the overlap extension mutagenesis method 

CFAF508U 

5'AAATATCATCGGTGTTTCCTATGA 

CFAF508L 

5'CACCGATG^TATTTTCTTTAATG 
Detection of gene mutation 

CF.l'im'niD 3 ^ 6 ° NA PreP3red thr ° U9h PCR amphfication using CF10P10.-Bio (100 ng) and 

( n9> 35 ' he PrimefS '° 9ether wi,h 3 P ,3smid as describ « d be.ow as the template 
Normal: IngofpEXION 

Mutation in one allele: 0.5 ng of pEXlON 0.5 ng of pEXIOM 

Mutation in both alleles: 1 ng of pEXIOM 

and CFlOMim^H^ ^ PCR ™P M ™«™ using CF10P101-NH, (,00-ng, 

and CF10M101-NHj (100 ng) together with pEXlON (1 ng) 

Table 8. As shown .„ Table 8. Xhe three gene types could be clearly distinguished. 

Table 8 . 



Standard DNA solution (unlabeled) 


Sample ONA solution (labeled) 


Absorbance (A405) 


Normal (pEXlON origin) 


Normal (pEXlON) - 


0.14 


Normal (pEXlON or.qin) 


Mix of normal (pEXlON) and mutant (pEXIOM) 


0.89 


Normal (pEXlON onqin) 


Mutant (pEXIOM) 


f.74^ 



50 



55 
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(3) Examination of exon 1 1 

With respect to exon 1 1. G551D was used as a model. 

s Preparation of a sample 

Using CF11P101-OH (100 ng) and CF11M10I-OH {100 ng) together with human chromosome ONA {1 
ug), PGR amplification was carried out by the same procedure as described for exon 4. The amplified 
product was similarly introduced into a plasmid to produce a plasmid pEXHN having the normal gene. 
jo CF11P101- 

5'GAAGGAAGATGTGCCTTTCAAATTCAGATTG 

CF11M101- 

S'ATGACATTTACAGCAAATGCTTGCTAGACC 
Separately, using four primers. CF11P101-OH and CF11M101-OH as described above and CF11-551P- 
15 OH and CF11-551M-OH as described below together with pEXtIN as the template, a plasmid pEXUM 
having mutation G5510 was produced by the overlap extension mutagenesis method. 
CF11-551P- 

5'CACTGAGTGGAGATCAACGAGCAAGAATTTCT 

CF11-551M- 

5'GCTCGTTGATCTCCACTCAGTGTGATTC 
Detection of gene mutation 

An unlabeled standard DNA was prepared through PCR amplification using CF11P101-NH : (100 ng) 
and CFM10!-NH 2 (100 ng) together with pEXHN (1 ng). 

A labeled sample ONA was prepared through PCR amplification using CF11P101-Bio (100 ng) and 
CFM101-ONP (100 ng) together with a plasmid as described below as the template. 
Normal: 1 ng of pEXHN 

Mutation in one allele: 0.5 ng of pEXHN 0.5 ng of pEXUM 
Mutation in both alleles: 1 ng of pEXl 1M 
Using the resulting unlabeled standard ONA and labeled sample DNA. gene mutation was detected as 
described for exon 4. The results are shown in Table 9. As shown in Table 9. the three gene types could be 
clearly distinguished. 

35 Ta':ie 9 



Standard DNA solution (unlabeled) 


Sample DNA solution (labeled) 


Absorbance (A405) 


Normal (pEX1 IN origin) 


Normal (pEX11N) 


0.08 


Normal (pEXHN origin) 


Mix of normal (pEX1 1 N) and mutant (pEXl 1 M) 


0.48 


Normal (pEX1 1N origin) 


Mutant (pEX11M) 


1.90 



(4) Examination of exon 21 

With respect to exon 21, N1303K mutation was used as a model. 

Using CF21P101-OH (100 ng) and CF21M101-OH (100 ng) together with human chromosome DNA (1 
ug). a plasmid pEX2iN having normal gene was produced in accordance with the above-described 
procedure. 
CF21P101- 

5'AGAGAACTTGATGGTAAGTACATGGGTGTT 

CF21MI01- 

5TTAGCAGCCTTACCTCATCTGCAACTTTCC 
Separably, using four primers. CF21P101-OH and CF21M101-OH as described above and CF21- 
1303P-OH and CF21-1303M-OH as described below togeth«r with' pEX2lN~asTKe tcmplate^3^ m,ct _ 
PEX21M having N1303K mutation was produced by the overlap extension mutagenesis method. 
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to 



!5 



20 



25 



CF2M303P- 
CF21-I303M- 



5'CATTTAGAAAAAAGTTGGATCCCTATGAACA 



5'GGGATCCAACTTTTTTCTAAATGTTCCAG 
Detection of gene mutation 

An unlabeled standard DNA was prepared throuoh Prn a m«riw • ^ 
and CF21M101-NH, (100 ng, with pEWtN (1 ng) am P hf,cat '°< 1 ^ing CF21P101-NH, (too ng, 

Mutation in one allele: 0.5 ng of pEX2m 
. 0.5 ng of pEX2lM 

Mutation in both alleles: 1 ng of pEX21 M 

Using the resulting unlabeled standard DNA and labeled «m«m nw A 
described for axon 4. The results are shown in Table 0 As 2 r ti 9 T del6Cted as 

be clearly distinguished. S Sh ° wn ' n Tab,e l0 " {hQ tnre * Q^ne types could 

Table 10 



30 



Standard DNA solution (unlab eled) 
Normal (pEX2lN origin) 
Normal (p£X2lN origin) 
Normal (PEX21N origin) 



Example 5 



Sample DNA solut ion (labeled) 
Normal (p EX2lN) 
Mix of normal ( P EX2 IN) and mu tant fpEX2lM) 
Mutant (pEX2lM) 



Absorbance (A405) 
0.20 
0.51 
1.16 



was 



J5 



'n this method, a plasmid having a part of exon 10 t*nn omi * . 
excised with a restriction enzyme to form an , «Z 1 V ^ W3S prepared and the P lasm ^ 

the unlabeled standard DNA Tuhit case he Q J °^ G ™ ™ detect * d ^ 

the same as that of the labeled DNA JZ'to^Z* r T $M ™ A ' S not ^-P'etely 

at the ^-terminal of each strand * Srandard ° NA had an additiona ' sequence, W 



JO 



Unlabeled DNA 'CCT. 

j-GGA" 

Labeled DNA : 



AGG'' 
TCC S . 



■15 



?SES^3!10US! ^ s.andard DNA and ^ .^^^ , 

50 -0 LZ::ZT n e,<Perimen, °' ' nCOrP ° r ^ 3 " ««*"« standard ONA into a p.asmid using exon 
d) Preparation of pUC-Sfi Stu 

„ *&£££xss5 ™r ™ agscct - 5 - - - - 
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A BamHI Sf il A BamHI 




(2) Preparation of pUC-SfLStu-EXlO 

PCR amplification was carried out by using CF-10-Ligll <100 ng) and CF-10-LigL (100 ng) together with 
pEXION (1 ng) as the template. The amplified product was cleaved with Sfil. and a fragment of about 190 
bp was recovered by agarose gel electrophoresis. This fragment was inserted into the pUC-Sfi/Stu that had 
been cleaved with Sfi. With the base sequence confirmed, there was obtained pUC-Sfi/Stu-ExlO. which is 
represented by the following restriction enzyme map (2). 
CF-10-LigU 

5'OH-TTTAGGCCTAAAAGGCCTGATTATGGGAGAACTGGA 

CF-10-Ligl 

, 5'OH-CCCAGGCCTTTTAGGCCTCTTCTAGTTGGCATGCTT 



A BamHI A BamHI 

Sfil Sfil 




(3) Preparation of pUC-EXIOlig 

300 ug of pUC-Sfi Stu-EXlO was cleaved with Sfil, and a fragment of about 190 bp was refined by 
agarose gel electrophoresis. 2 ug of this fragment was ligated with 10 ng of pUC-Sfi/Stu that had been 
cleaved with Sfil, and E. coli DH5 was transform *-d therewith. A plasmid was produced from the 
transformant. obtaining pUC-EXlObg containing about 15 tandemly ligated fragments containing exon 10 as 
represented by the following restriction enzyme map (3). This plasmid was cleaved with StuI (AatI) to excise 
a fragment containing exon 10. 



Hind IH 




1 jOVAyV i V jO r ■ — 

Sf?,il J ExonlO I Jfc 



EcoRI 



StuI 




(3) 
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Objection of gene mutation using oUCEXin. in « „ nlabeled stand , fd QNA 



to 



0 



Normal: " I ngof pEXlON 

Mutation in one allele: 0.5 ng of pEXlON 
0.5 ng of pEXIOM 
Mutation in both alleles: 1 ng of pEXIOM 
An unlabeled standard ONA used the following (a) to (d) 

^™: ! ::^:i cf,om,o, - nh! ,,o ° - *»« - - - «*- ~. 
!irp U sr ,eavM ** sm ,Aa "' ,ses «*- "» «■ - — *« 

r.„. 9 C ' 8a,,a Ecof "- Hin< "" «« "sWcBon enzyme ma p (31. Am, 

ona The ::r~r aD : r,. 6 ^* 4 "*» m ° ^ — « ™ - — — • 

Table 1 1 



Sample ONA solution (labeled) 


Preparation of standard DNA (unlabeled) 




a 


b 


c 


d 


Normal (pEXtON origin) 


0.07 


0.14 


0.15 


0.84 


Mix of normal (pEXlON) and mutant (pEXIOM) 


0.28 


0.38 


0.33 


0.81 


Mutant (pEXIOM) 


0.74 1 


0.86 


0.72 


0,78 



•he other hand subs a *£ no com^t TtZ ^ * Pr6Pafed by the PCR me,hod ' O" 

lan,em, y , igaled . ' ^^ation occurred ,n .he case of (d). which 

remained 

p.«£ tZZTt s,andard 0NA can be sa,is,ac,orily p — • 

can be used without furZ *1 TsZ^ * T**" ^ Mrd DNA 

is no, completely identical he labeled Un ' abeled ™ A havi " 9 3 S6quenCe wh '<* 
be satisfactorily used. aV '" 9 3 " extra se °. uen <* on either terminal can also 

££?J2 ssl^e^ acid di,,eren,ia,in ° me,hod * *• 

a specimen as well as the rate c L,!n7,« , Presence/absence of normal and mutant genes in 
the assays that ^ ^^^^31? ^ There '° re - ^ ^ 

of the P^esence/absencTo' ^ ,or exam " 8 - as detection 

amount of abnormal cells contain nr, ^ t , , * ° W " hm 3 P3rtiCular Qene ' de,ec,io " of a small 
sequence matching o a ^ peSc 'ene i Ta nlT adm ' X,Ufe """^ Ce " S ' and d °'°™a«ion of 
.he present invention p.lys a o eafrole n 7 S3mP ' eS - ^ n ° C,eiC aCid di «^n.iating method of 

P'ays a great role ,n diagnos.s of genetic diseases or in DNA diagnosis of cancer. 

Claims 



gene ampiatio 0 , the TSS^S? 9 * ^ °' P ' eParinQ 3 ,abeled DNA by e,,ec,in 9 
nucleic **^t£il^£^*F T nUC ' eiC a ° d " ' he SP6Cimen by usinQ ,a '9* 
primer having a soM mZ binln ! f T' aV ' n9 3 de,eC,ab ' 8 ' 3bel in,roduced "™ein.«nd a 
sample DNA usinq an unlabeled dna ^ lh9 resu,,in 9 ,abe,ed ™* as a 

as a standard iSA a^XTj'TT * * i,S m3,Chin9 ^ ***** 

o . ana inerealter measuring a .-agree of substitution between com- 
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plementary strands of said sample ONA and said standard ONA by utilizing said detectable label and 
said solid matrix-binding site, thereby determining the matching between the nucleic acids. 

2. The differentiating method according to claim I wherem said unlabeled ONA specimen to be evaluated 
5 for its matching with the sample ONA has been prepared by a gene amplification technique (PGR 

technique) using a pair of primers. 

3. The differentiating method according to claim 1 wherein said unlabeled ONA specimen to be evaluated 
for its matching with the sample ONA has been prepared by a genetic engineering technique using a 

to vector which can propagate in a host cell. 

4. The differentiating method according to any one of claims 1 to 3 wherein said particular region of a 
target nucleic acid in a specimen is a gene causing cystic fibrosis (CFTR gene). 

ts 5. An assay kit for nucleic acid differentiation, characterized by comprising 

target nucleic acid-amplifying primers comprising a primer having a detectable label introduced 
therein and a primer having a solid matrix-binding site introduced therein, and 

an unlabeled ONA specimen to be evaluated for its matching with the gene amplified product 
amplified by said primers. 



20 



The assay kit for nucleic acid differentiation according to claim 5. further comprising 

a reagent for effecting gene amplification of a particular region of said target nucleic acid in a 
specimen, 

a matrix for trapping the nucleic acid having a solid matrix binding site; and 
a reagent for detecting the trapped gene. 
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FIG.4 




PROPORTION OF MUTANT DNA (%) 
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